FEDERAL AVIATION AGENCY
WASHINGTON 25, D. C.

November 2, 1959

BURFAU OF FLIGHT STANLARDS RFLEASE NO. 434

SUBJECT: Flight Control Hszerdas ard Protection from Icing

The purpose of this release is to poinlL up to general opecrators the basie
hazards of icing conditions in flight for piston engine airplanes, the

kind of protection required, and the operational practices for maintenance
of flight control and a sgafe operation.

General

Accident and critical incident reports reveal that many private and
professional pilots may not be aware of the many ways in which icing can
seriously affect the pilot's ability to maintain flight control during
instrument flight. It is also known that many operators ere unaware of

the kind and amount of protection needed to cope with light, moderate,
or heavy icing conditions, '

External icing (impact, rime, clear, etc.) is most probable when flying
in air with visible moisture (cloud, drizzle, rain, or wet snow) and at
temperatures from 320F to 209F. Even in air temperatures as low as
~30°F, there are many known cases of encountering heavy icing when fly=-
ing in such supercooled moisture conditions. Depending upon the degree
and form of moisture present, and upon the air temperature, ice
sccretions on an airplane's wing and other external surfaces may form
slowly or with alarming and dangerous rapidity.

Internal carburetor system 1cing is most likely to occur in terperatures
between LOOF and &OOF but can oceur in air temperatures as high as $0°F
It is not recessary to have visible moisture present for this type of
icing. The particular temperature range and the degree to which a
carburetor is subject to icing is dependent upon its particular design
and installation. For this reason, the pilot should refer to the air-
Plane manufacturer's manual on the operstion of the engine for detailed
information on how to cope with carburetor icing. However, there is
one aspect of carburetor icing that has been revealed in more recent

accident and incident reports that will be covered below, name y, high
altitude carburetor icing.

General' aircraft operators must reply upon the U, S. Weather Bureau's
forecasts and reports to predict icing conditions ahead. The defi-
nitions of these conditions as used by that Bureau are as follows:

Light icing--An accumilstion of ice which can be disposed of by
operating de-icing equipment, and which presents no serious
hazard. Light icing will not cause alteration in speed,



altitude, or track.

Moderate icing—An accwmlation o1 ive ii which de-icing procedures
provide marginal protection: the ice continues to accumilate, tmt
not at a rate sufficiently serions to affect the aafety of tho
flirht unleas it contibues over an cxtended poariod of bima,

Heavy icing--An accumulation of ice which cont.inues to build up
despite de-icing procedures. It is sufficiently serious to cause

marked alteration in speed, altitnde, or track, and would seriously
affect the safety of the f1light.

FLIGHT HAZARDS FROM ICING

The basic and critical icing hazards in flight are as follows:

1. Icing of outside pitot/static pressure sources and venturi units,

a. Erroneous airspecd, altimeter and rate of climb indications.

Whenever the pitot or static atr pressure sources or lines
freezo fully or partially, the airspeed, altimeter, and Iate
of climb instrument indications will no longer be correct.
This erave situntion can cause the pilot to excecd the air-
plano's limitations unknovingly, to brenk up the airplane in
flipht, or to fly unknovingly into the ground.

b. Erroneous diroction and attitude indications.

Thoso airplancs that utilize an outside venturi unit to
provide power for vccuum driven fyros, and vhich are not
locatcd within tho engine's exhaust gasos, are vory
suaceptible to ice accrotions on tho venturi tube. This in
turn reducos the vacuum and the £gyro will no longer give
accurate attitude or diroction indications.

(The pilot must bave at least one properly functioning gyro
ingstrwicnt to maintain flight control on instruments.?

2. Accumulation of dangerous ice loads on the wing and tail surfaces.

This situation changes the airflow and reduces the available 1ift while
increasing the load the wing has to carry. It can also Jam flight con-
trol surfzces if the buildup occurs near hinge points or between fixed
and moveable flight surfaces. TIn extrems cases, the combined effects of
ice load and loss of lift will force a plane down. Further, t.e wing
vill stall out at considerably higher than normal stall speeds.

3. Accumlation of ice on propeller surfaces.

This situation creates a serious vibration problem and a loss of
propeller cffectiveness. The first indication to the pilot of propeller
ieing will Yo cycles of increasing vibration, followed by a sudden
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vibration increase as the ice from one propeller blade breaks free,
followed by a period of vibration-free operation after all ice is thrown
free from both propeller blades. The situation also causes a decrease
in airspeed at a constant altitude and throttle setting. On multiengine
airplanes, the pilot may hear chunks of ice impinge on the side of the
fuselage as they break free of the vibrating propeller blades.

- 4. Carburetor icing and air intake clogging,

Either condition results in loss of pewer. Carhuretor icing is more
difficult to control at hiph altitudes. This is because the available
heat to cope with any icing is considerably less at altitude than at sea
level for airplanes with nonsupercharged engines. A fea level engine
can only develop approximately 75% power with full throttle at 8000 feet.
Available carburetor heat may be raduced to an even lower percentage of
that which would be available near sea level.

Carburetor air intake icing is usually ths result of snow or sleet im-
pinging on the intake screen. Such an ice buildup starves the engine

for air. Carburetor air must then come from some alternate protected
source to maintain power.

5. Windshield icing.

The loss of windshield visibility from icing 18 most hazardous to the
pilot wher attempting an approach and landing. An openable window to
see forward or a means for de-icing the windshield is needed to provide
the necesssry forward vision at such times.

6. Radio and pitot mest icing.

Ice bulldup on these masts can create air disturbances and bending loads
for which they may not have been designed. If 80, the mast may bend or
break off. The pilot will then be without radio or have erroneous air-
speed/hltimeter/ﬁate of climb indications. Tt is also possible for the
"run-back" from a heated pitot tube to freeze and cause an ice buildup

on the mast that can adversely affect the air flow functioning of the
pitot and static pressure system.

There are also two other possible icing hazards, namely; impact or run-
back freezing of (a) the controls for the carburetor air preheater and
the throttle, and (b) a fuel tank vent becoming clogged with ice which
would in turn cause fuel starvation. Fortunately, these two hazards do
not seem to materialize very often. Frequent checking of the throttle
and heater controls for freedcm of movement is a method of knowing that
they remain operative. If fuel starvation does occur from vent icing,
switching to an alternate tank may provide power for a limited time, or
if a common vent line is accessible to the pilot, it may be possible to
sever it to provide an emergency vent. '



EQUIPMENT PRUTFCTION FOR COPING WITH ICING

To be able to cope with infligiht icing situatiens, the pilot should hezve
operative equipment or the airplane as follows:

1. Vital instruments (speed, altitude, directicr, atiitude).

8. An airspeed pitot tube Lenter and an alternste static air scurce
- for the airspecd/altimetcr/rate of climl: indicator sy stem.

be Heat from engine exhaust j:ipe(s) impinging on any venturi tube(s)
used to supply vacuum power for air operated gyroscopic instru-
ments or, an alternate vacuum source tnat is power driven. (Cne
vacuum and one electrically driven gyresccpic insirument provide
equally effective and excellent protection against malfunction of
any type.) :

2. Inflatable wing and tail surface boots or a heat duct de-icing system
Tor Tlight surface protection. ;

3. Alcohol slingers or electr@gf}leheated boots for propeller surface
protection. '

L. A carburetor air preheater device and a sheltered alternate air intake
source lor Uhe carburetor., —

5. Alcchol or a heat system to de-ice the w.ndsrield, or an openatle
Yorward window that cannot Tresze shut to nro*ect forward vision.

6. MAlcohol, inflatable boots, or electrically heated boots for pitot and
radio masts thalt may be susceptible to Ice buildups for protection of
the navigational radio sids snd the airspeed/altimeter/rate of climb

vﬂzatuc

Temporary preflight protection of external surfaces from possitle inflight
icing can also be provided by application of one of the commercial antie
ice preparations. When applied to wing surfaces, windshields, propeller
blades, etc. in accordance with the manufacturer's instruction, a pilot
may expect the airplane to stay free of any serious ice buildup for a
reasonable period of time on the surfaces so protected, However, the pro-
tection is temporary, the pilot should not expect prctection beyond the
period of time the manufacturer specifies for his product,

OPEFATIONAL PRACTICES

As car: be readily Seen, icing protection is needed for all of the above
areas that are vital for maintaining flight contrcl in any actual icing
condition while flying on instruments. The degree of protection is de-
pendent upon the amount and rate of ice accretion with which the de-icing
or anti-icing equipment can cope. At best, the de-icing equipment that



1z umially provided on current models cf nonair-carrier alrplaneec cannot
be expected to cope with heavy or nrclonged moderate icing conditions,
The latter cap be expected to tax the equipment beyond its capa~ity,

Thus, pllots of airplenes which ace cquipped with ail o the abo s de

leing provisions should always str ve to aveld heavy and moderate cing
conditions. If heavy iclup is sncow terel vnexpeciedly or unaveldstly,
prompt action must bg tuken ‘o ge' 1o more ievereble flying weather
conciticns. To procrastinate or uaic: such.evaslve acticn, acsicent
investipgation reports show, ts to ‘nvite a. icas of flight cortrel end
with very little  1if any, warning

Should a pilot find himself in leing conditions without full e-lcing
equipment, his primary corcern sho . be %o use the aquipment he has and
to get to non-icing air as quickly ar is safe. The following busle

operational practices or flylvg hLabits shonld be observed:

A, Avoiding Conditlons Condicive to Icing,

1. Menitor closely all weather reports in the vicinity, paying

close attentiocr to temperciures at the ground an! any reported
or forecastad icing conditlon aloft. 3 3% e 4O remperature
| drop per 1000 fest above the ground may be veed to apnroximate

tomperatures at flight. altitude above grourd stations, if
unkmown,

2. Monitor rlogely the rutslis air temmerature swge for temper-
atures favorable to externel feing.

3. ‘Yolilcw a plan of sefe evazive action whict " i.l:es the
folloving principles-

b

T eMtitude nermits-~s usually warner on . eny accumuiated
lce will melt. £ hipbhar altitude is umelly -glder and the
visible moisture will 1likely be in a fyozen state which can
‘not cauge any further ice buildup. Arv aceumilated ice will
raduslly subliz:*te (vaporize) whon ;2 ‘ing into dry colder
air,

A, 0 2ionGs ned nesy a oo ld or warie fron, s lower altitude—-

h. In fraesivg orecinitalion near & warm ront, a higher
eltiiuce will ugually be wsrmer (warm air usually overruns
czoler eir noar he ground). U at s.7Cleiert altitude, it
may alss be possivle to descend into warmer air near the
Fround with noa-'~ing conditione,

c. 'In clouds or nrecipitniion near a cold frert. advaantage may
oe taken of the differecnce in *emperature anead of and be-
ninc such a freut and the tendency of tne coid mass of air
e wedgr undor “io warmer air ahead of “ha {rend. Thus
ceing towards a c~ld front in ‘emneratures condueive to
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freesing, a higher altitude will likely avoid icing both ahead and behind
the front.

4.

Flight speed and attitude indications should be closely watched
and double checked. Cross checking the artificial horizon or
attitude gyro instrument with the airspeed indicator and the
altimeter, is a means of making certain that ice is not affecting
the accuracy of airspeed/altimeter/rate of climb indications,
Maintaining a basic attitude is essential to avoidance of a stall
or excessive flight speeds., Cross checking an electrically oper-
ated gyro's indications with those of a vacuum operated gyro is
also a check on the accuracy of their indications.

Note: At least five cases are known involving three current
makes and models of mltiengine airplanes in which the air-
speed/altimeter/rate of climb indications became dangerously in
error due to rain and moisture freezing in flight as the air-
plane climbed into freezing temperatures., In another known
case involving another multiengine model that had a modified
pitot mast installation, an ice buildup on the pitot/static
head mast caused.dangerous airspeed/altimeter/rate of climb
indications from the disturbed airflow effects on the static
pressure opening,

B. Emergency Icing Conditions

1.

If an ice load is accumulated that makes climbing to a higher
altitude difficult or maintenance of altitude impossible, an
emergency descent is mandatory and flight control must be main-
tained with primary emphasis given to airplane attitude and
keeping a safe flight speed above the airplane's higher stall
speed with such an ice load. If a landing is necessary, such
speed mst be maintained to touchdown.

In an emergency while flying on instruments, the pilot should re-
1y ca:

a. The attitude or artificial horizon g€yro instrument to avoid e
disastrous dive or stall

b. The turn indicator, directional @To, and attitude gyro to
keep the airplane from entering a disastrous spiral. and

¢. DBreaking out the glass in the altimeter or rate of climb
instrument to get an emergency alternate static source which
will give approximate altitudes, rates of climb or descent,

and airspeed indications when the normal static pressure
source has frozen.

In summary, pilots should avoid all heavy and moderate icinp conditions,
proceed with caution into areas where light to moderate icing 1s



forecast, and should not engape in any instrument flight in air conducive
to lcing without having full de-icing equipment for the items vital to
the maintenance of flipht control. The vital areas of concern are;

(1) speed, attitude, diroction instruments that are dependent on the
pitot/static prossure systems and venturi gyros, (2) vwing and tail sur-
faces, (3) propeller surfaces, (4) carburetor air fuel mixture and air
intake, (5) windshield forward visibility, and (6) any radio or pitot
tubo masts that may be seriously affected by any ice buildups.
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